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Four goals

®" An organizing method for scientific
Information

" Both in lake and external loading changes
matter

" Form of phosphorus matters

" Multiple causes and multiple effects must be
considered to understand the system
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Context

" Problems often have multiple causative steps
between factors we can control and
outcomes we care about

" More steps for economic costs of control
attempts, outcomes, or both

B Controls, outcomes, and costs can be
dispersed in space and time, making the links
hard to think about
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One solution: graphical function
mapping

" In math, “mapping” one function onto

another used to graphically track the
cumulative impact of many “steps”

® can be used for environmental science and
management questions to stimulate thought
and discussion
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Function mapping, generic

Using some familiar, linear functions
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Arrow heads indicate larger values,
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Function mapping, generic

e Using some familiar, linear functions
* Rotate, align
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Function mapping, generic

e Using some familiar, linear functions
* Rotate, align, and join graphs
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Function mapping, generic

e Using some familiar, linear functions
* Rotate, align, and join graphs
 Map outcomes: backward, forward, or conditional
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Function mapping, generic

e Using some familiar, linear functions
* Rotate, align, and join graphs
 Map outcomes: backward, forward, or conditional
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Function mapping, generic

e Using some familiar, linear functions
* Rotate, align, and join graphs
 Map outcomes: backward, forward, or conditional

>

Cheap gas

Expensive gas

Gas Uised (gal)

Miles driven

Will cost this much To drive this far



Function mapping, generic

Functions can take any form

A

More “steps” can be added

. Wet year
Functions can come from

— Empirical observations

— Expert judgment Dry year

— Simple correlations 7 X

\/

— Complex models

Uncertainty can be included =




Uses
® Discussion tool

" Collective drawing as a way to talk across
disciplines and stakeholder groups

" Finding the “weak link” where more
knowledge is needed

" Finding targets for management
and Indicators of success

" Some axes are easier to manage than others
" Some axes are easier to monitor than others

® Selecting monitoring indicators in a causative
- path can be more powerful than statistical
=USGS indicators
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The goal, Lake Erie hypoxia

Connection between
nutrient load and hypoxic
area

— measures of variability
What controls nutrient load
— Wetland area

— Rain fall

— Other things too...
Effects on fish

— Discussions show this
relationship is
particularly uncertain
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The goal, Lake Erie hypoxia

* Map variability effects Model average
and variability
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The goal, Lake Erie hypoxia

Map variability effects
Map wet vs. dry year

Model average
and variability
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The goal, Lake Erie hypoxia

Map variability effects Model average
and variability

Map wet vs. dry year

Map alternative fish
response functions

Fish population
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The goal, Lake Erie hypoxia

Map variability effects Model average
and variability

Map wet vs. dry year

Map alternative fish
response functions

Explore non-linear effects
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trient Load

Three models

A

Larval Fish

Conservation practices

Fish population

Spawning Habitat

Hypoxic area
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Lake Erle: Length: 241 miles

Southern most, warmest, and  Breadth: 57 miles

most productive Great Lake ﬁ‘}:;ﬁﬁﬁﬁe[fetgthlig“ _

Volume: 116 cubic miles

Shoreline Length: 871 miles

Water Surface Area: 9,910 square miles
Watershed: 30,140 square miles
Flushing Time: 2.6 years

Population: 10.5 million U.S.

1.9 million Canada
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“Walleye Capital of the World”



What are
HABS?

(Harmful algal blooms)

Hypoxia?

(aka, the dead zone)

Fish?

(fun to watch, good to eat)



Massive 2011 Toxic Bloom

Pelee Island

0 Sandusky
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Phytoplankton Biomass

(wet g m'3)

Western Basin Algal Booms

Then a resurgence

Decrease through the mid-1990s

p= 0.002
R?= 0.88

West Basin

N Total
/1 Edible

BN Cyanophyta

p= 0.003
R%= 0.85

Central Basin

1970

T

1980

1990

p< 0.001
R%= 0.61

p= 0.018
R’= 0.34

2000

2010

Scavia et al. (in press)



What Matters to Algal Blooms?

Air temperature, winds, length of season

Algal production and settling

— P supply
— Length of season
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______

Radiant energy

>

Well
Mixed
HypoXia =
“Dead Zones”

Temperature

Upper warm, well
mixed epilimnion

Lower colder, poorly
mixed hypolimnion

Decomposing organic
matter consumes O,



Special Physical Characteristics
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Thinner Bottom Laver?

=> Less O,
Available

T
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Stratification begins: A
warm surface layer of watar
develops over cooler, deeper
waters; surface currents are
cut off from the deeper watars
and cannot supply them with
atmospheric oxygen

s

Late simimer

Stratification peaks:

‘Diead zone’ forms as

lowe oxygen levels spread
throughout the deep waters

SUmmer
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Stratification intensifies:

The surface layer continues
towarmwhile, in the deap-
est water, the oxygen lavel
drops as it is absorbed by
the bottom sadimants

Turnover: As the surface

layer cools, fall winds
Qenerate cumrents that are
strong enough to carry
oxyigen to the bottom
watars and return their
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What Matters to Hypoxia?

Thickness of Central Basin Bottom Layer
Air temperature, winds, length of season

Organic Matter Flux to the Bottom

Algal production and settling

— P supply
— Length of season
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Central Basin Anoxia (no oxygen)

Increased through 1970s (phosphorus loading)
Decreased following GLWQA-based clean-up
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Hypoxic Extent (103 km2)
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Central Basin Hypoxia (DO< 2 mg/I)

Downward trend continued through the mid-1990s

Then a resurgence
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trient Load

Three models

Q—Bsizydnservation practices
A

Larval Fish

Hypoxic area

Ul
? e
/
/ —— ]
I, /”—
/ /’
1/ -
I ,
U4
Y ¢
iy
us

Fish population

Spawning Habitat

Fish population

C%\servation practices

Nutrient ¥0ad



15
|
15
|

n

A w20l E ;'a
without 2004 & 2011 .-"
Cl=0.39 + 001 73*TF {une) Hy

rh2=051, RSE=0.48
o _| o Cl=-03 + 00010 TP

ph =089, ASE=1.75

W )

i = =

2004 m
pos 006 O
= =
I I 1 ] I 1 | I I |
0 100 200 300 400 500 500 1000 1500 2000
TP June m.tons TP Mar—Jun m.tons
= - S 1n L ’
C Son D 1
. Linear
Ly Cl==158 + L062*0

o €1=—8.23 + 0.0455*5AP o | (TR 3

ol r*2=0.65, RSE=3.1 - Exp: 3
- F — Cl=1.148-0* A8 ’
W] wJ rh 2wl 97, ASEw0.58 .

= [T

o o -

I ! I 1 | I 1
Stumpf et al. 2012 100 200 300 400 0 100 200 300 400 500

N_-1

SRP Mar—Jun m.tons Q average MarJun m’s’



Three models

trient Load

HAB size

onservation practices

"\ Hypoxic area
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onservation practices
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Conservation practices
Land retirement programs




Conservation practices
Nutrient Management Plans




High-resolution SWAT model the

Sandusky Watershed
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Observed DRP Load

4-year Moving Average
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1970 1975 1980 1985 1990

P. Richards



Calibrated and validated with
observed Sandusky DRP loads

600 -
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300 -

200 -

100 -

0

Observed

1970

1975 1980 1985 1990
4 per. Mov. Avg. (Baseline-KD8)

1995

2000 2005 2010
4 per. Mov. Avg. (Observed)

2015

Baseline

Representative :

- Tillage practices

- Fertilizer inputs

- Crop choices

- Fertilizer timing

- Soil P accumulation
in topsoil



How about fertilizer use trends?

350.0

300.0

250.0

200.0

150.0

Fertilizer inputs kg/ha

100.0

50.0

0.0

1974-1981 1982-1986 1987-1991 1992-1996 1997-2001 2002-2006 2007-2010

m11-52-00 ®m11-52-00 m(00-15-00

Han and Allan 2010



Fertilizer application rate scenario:
«  Little impact on trend

500 - .
Constant fertilizer
400 -
300 -

200 -
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0
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4 per. Mov. Avg. (Baseline-KD8) =4 per. Mov. Avg. (constantfertKD8)



Tillage practices scenario:

Increased conservation tillage

Acres

Sandusky County Conservation Tillage
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Tillage practices scenario:
Appears to have some impact
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==/ per. Mov. Avg. (Baseline-KD8) 4 per. Mov. Avg. (convKD8)
4 per. Mov. Avg. (notillKD8)
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Is this because of the P

accumulation at topsoil?
Observed
1970 19I75 19I8O 19I85 19I9O 19I95 20IOO 20IOS 20I10

4 per. Mov. Avg. (Baseline-KD8)

4 per. Mov. Avg. (Observed)

2015




Is this because of the P
accumulation at topsoil?

120

100 ~
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40 -

Brap P1 (Ibsfacre)

20 -

Surface application of P fertilizer and manure
Fertilizer application exceeding crop needs
Adoption of conservation tillage
Soil stratification




Modified topsoil SRP: runoff concentration ratio in
the SWAT model
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Higher values allow phosphorus to accumulate at topsoil
Lower values allow more P runoff/vulnerability



Simulated SRP Load
Appears to be a significant factor
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But ...



Number of storm events

Lake Erie Extreme Precipitation
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Sandusky Watershed
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Random weather scenario
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300 - Random Weather
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Reversed weather scenario

Weather matters, but interacts

with land-based conditions
Reversed Weather
1970 19I75 19I80 19I85 19I90 19I95 20IOO 20I05 20IlO

4 per. Mov. Avg. (Reversed weather)

4 per. Mov. Avg. (Baseline-KD8)

2015



Simulated SRP Load
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1995
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2015

Watershed appears
more vulnerable to
weather impacts in
recent years.

Soil P accumulation
and tillage and
fertilizing practices
appear to underlie the
weather driver.

Change in overall
fertilizer rates shift
load but do not seem
to drive the pattern.



Three models

Hypoxic area
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Thermocline Depth and Stratification Strength
3 \ /

\ D. Beletsky et a/
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Rucinski et al. 2010



Water Column Oxygen Demand {mgiL-d)
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Rucinski, et al 2010



Water Column Oxygen Demand

(mg/L-d)

Water Column Oxygen Depletion Rate
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Build Mixing Model
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Data

Rucinski et al. 2010



Eutrophication Model

Atmosphere
reaeration
Dissolved |
Unavailable Oxygen
Phosphorus
o respiration photosynthesis
mineralization
Basin Available uptake grazing
. ’ —| Phytoplankton —  Zooplankton
Loading Phosphorus
Death/grazing
Detrital ¢
Carbon doch
Settling Settling Settling SoD
DI Sediments f—

Rucinski et al. 2013



Epilimnion
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Model-derived Response Curve

Envelop encompasses interannual weather variability
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Model-derived Response Curve
Based on Dissolved Reactive Phosphorus (DRP)

Hypoxi Area (1000 km?)
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Three models

Hypoxic area

Fish population ’ Nutrient ¥0ad
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Smelt relative abundance

(number / trawl min)
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Vertical Distributions under Strong Hypoxia

Rainbow Smelt Yellow Perch
Daily
Max.
. Density
Hypoxia
OFF | /%

d  50%

25%

Hypoxia
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0%

Ho6k et al Multi-species, 1-D individual-based model



Oxy-thermal Squeeze

Rainbow Smelt, Strong Hypoxia, Baseline

Daily Max.
Density

75%

50%

PAY

0%

Jun Jul Aug Sep Oct Nov
Hook et al Multi-species, 1-D individual-based model



trient Load

Three models

Larval Fish

Hypoxic area
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Habitat Loss in the St. Clair =Detroit
Rivers System
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Habitat Loss in the St. Clair =Detroit
Rivers System

Lost 97%
of
coastal
wetlands
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Post Construction Monitoring
Fighting Island Reef

Larval Lake Stugeon CPUEs by Reef
Treatment - Fl 2012
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REEF A REEF B REEF C REEF D
B Downsteam Sites W Upstream Sites

Reef Bed Treatement

CPUEs (larval sturgeon/sampling hour) for sites
upstream and downstream of reef beds A-D, and
total CPUEs for reef beds A-D. Upstream= red,
Downstream = blue.

From Bouckaert 2013
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trient Load

Three models

A

Larval Fish

Conservation practices

Fish population
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Four goals

®" An organizing method for scientific
Information

" Both in lake and external loading changes
matter

" Form of phosphorus matters

" Multiple causes and multiple effects must be
considered to understand the system

2 USGS
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